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1. Motivation
• Highly Skilled Autonomous Vehicles: “Development of 
autonomous vehicles capable of performing safely at the limits of 
adhesion”.
AESIN 2017
We dominate asphalt: 
-Current Automotive Control 
Systems (e.g. ESP).
-Minimize the vehicle body-slip for 
maximum vehicle controllability.
What about Loose surfaces…? 
-Tyre friction characteristics change 
drastically.
-Can we develop systems to perform 
safely on loose surfaces? 
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1. Motivation
• Manoeuvrability is compromised on loose surfaces (gravel, snow).
• Can we exploit the full chassis potential through conventional 
driving techniques?
• Is there any advanced driving technique we can apply to maximise 
the lateral dynamics of the car?
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http://www.gq.co.zhttp://www.carmagazine.co.uk
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1. Motivation
• Professional Rally drivers often perform large drifts to maximise 
the centripetal acceleration through the corners.
• Why this behaviour? / Can we provide a rigorous vehicle dynamics-
based explanation?
• Can we reproduce such advanced skills on autonomous vehicles?
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https://www.youtube.com/watc
h?v=Q42jT7AsNFE
• Achieving maximum lateral acceleration in loose surfaces
Asphalt (Peak force occurs at low slip angles) Gravel (Peak force occurs at high slip angles)
𝛽
autosport.com.ruYoutube.com
𝑣𝑡
𝑣𝑡 𝑎𝑐𝑎𝑐
Friction-slip shape changes
High body slip angles (drift) are
needed to maximise the 
centripetal acceleration. 
1. Motivation
Active drift control
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• Maximum centripetal acceleration with Drift Equilibrium Solutions. 
• The max. 𝐴௬𝑐 is limited to 1 𝒎/𝒔𝟐 during conventional driving (body 
slip 𝛽 < 5݀݁𝑔)
• Up to 4 𝒎/𝒔𝟐 can be generated through active drifting.
1. Motivation
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Low body slip driving
Drifting
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2. ADC
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• Multi-Actuated Chassis. Autonomous Drift Control (ADC)
Requirements.
– Coordination of Active Front Steering (AFS) and Individual Torque control is 
necessary. (Multi-Actuated electric vehicle: 5 inputs).
– Controlled states: Vehicle planar velocities (𝑣௫ , 𝑣௬) and yaw rate (  𝜓).  
• Actuator constraints: 
 Maximum steering amplitude. (AFS)
 Maximum steering rate. (AFS)
 Maximum torque. (In-wheel motors)
• Actuator constraints are handled optimally 
with a Model Predictive Control (MPC).
• The ADC is implemented in 
Matlab/Simulink and the Vehicle 
Dynamics simulation software IPG-
CarMaker.
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2. ADC
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• Multi-Actuated Chassis. Autonomous Drift Control (ADC)
Requirements.
– With this over-actuated system wheel Torque Optimisation is possible. (E.g. 
Individual torque distribution to maximise cornering performance, max 𝐴௬𝑐).
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2. ADC
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• Multi-Actuated Chassis. Autonomous Drift Control (ADC)
Requirements.
– Direct measurement of the tracked states (e.g. lateral velocity) requires 
expensive sensors… 
– Cost effective approach: Virtual sensing (state estimation) using signals 
available on the CAN bus. 
• Measured signals: 
 Yaw rate. 
 Lateral acceleration. 
 Long. Acceleration. 
 Wheel speed. 
 Brake pressures. 
 Engine torque.
 Steering wheel angle.
• State estimation:
 Kalman Filtering (LKF / EKF / UKF)
 RLS
 Fuzzy Logic
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2. ADC
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• Integration of Path-following feature.
– An upper level PID controller based on the lateral deviation error is integrated in 
the controller. The PID modifies the drift tracked states to converge to the road 
reference line. 
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3. Simulations
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• Virtual gravel road construction on IPG-CarMaker.
– Road irregularities: Rough road from pseudo-random profiles. (Opencrg
www.opencrg.org)
– Vehicle Model: Sports-class from IPG-CM library. Custom powertrain to 
incorporate in-wheel electric motors.
– Tyre model: Isotropic Magic Formula gravel-like tyre model.
– Road geometries: Clothoid, arc and straight-line segments.
Rough road profile Tyre friction characteristics Road geometry
+ +
Virtual gravel road
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3. Simulations
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• Drift-based ADAS.
– Objective: Prevent lateral lane departure trough a last-moment drifting 
intervention to maximise the cornering performance of the car.
• Test case: Clothoid (radius reduction corner)
(0) Turn is approached at excessive speed.
(1) Drift initiation
(2) Drift control + path following
(3) Low body slip stabilisation
(0) 
(1) 
(2) 
(3) 
(0) 
(1) (2) (3) 
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3. Simulations
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• Drift-based ADAS.
– Objective: Prevent lateral lane departure trough a last-moment drifting 
intervention to maximise the cornering performance of the car.
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3. Simulations
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• Drift-based ADAS.
– Comparison with a regular Yaw Stability Control (YSC) system. MPC with 
linear-region (yaw rate and body slip) constraints.
– The drift-based ADAS increases the turning entry speed around a 30%. 
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3. Simulations
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• Drift-based ADAS.
– Comparison with a regular Yaw Stability Control (YSC) system. MPC with 
linear-region (yaw rate and body slip) constraints.
– Drift-based ADAS (max. body slip: 40 deg.)
– YSC (max. body slip: 10 deg.) 
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Low body slip
Drifting
4. Conclusions
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• Vehicle manoeuvrability (cornering performance) can be enhanced 
on extreme off-road surfaces through drift-based driving 
techniques.
• An Autonomous Drift Control (ADC) system is proposed based on a 
Multi-Actuated Agile Electric Vehicle (AFS + In-wheel motors control) 
to reproduce these driving techniques.
• First simulations evidence the cornering performance enhancement 
when drift is applied.
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5. Future steps
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• Investigate potential impact of ADC on other agricultural or military 
applications (e.g. minimum-time route execution, agile evasive 
manoeuvring).
• Investigation of agile manoeuvring-based ADAS (e.g. handbrake-
based) for manoeuvrability enhancement on reduced-radius 
segments.
• Progressive experimental validation of simulation, actuators and 
road friction models.
• Study possible concerns and impact regarding HMI and system 
intrusiveness.
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Other projects at CU
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• Automatic detection of vehicles and pedestrians using smartphone 
cameras and neural networks.
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